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abstract

PURPOSE To compare the survival outcomes of neoadjuvant three-dimensional conformal radiotherapy (RT)
followed by hepatectomy with hepatectomy alone in patients with hepatocellular carcinoma (HCC) and portal
vein tumor thrombus (PVTT).

PATIENTS AND METHODS A randomized, multicenter controlled study was conducted from January 2016 to
December 2017 in patients with resectable HCC and PVTT. Patients were randomly assigned to receive
neoadjuvant RT followed by hepatectomy (n = 82) or hepatectomy alone (n = 82). The modified Response
Evaluation Criteria in Solid Tumors (mRECIST) guidelines were used to evaluate the therapeutic effects of RT.
The primary end point was overall survival. The expression of interleukin-6 (IL-6) in patients’ serum before RT
and in surgical specimens was correlated with response to RT.

RESULTS In the neoadjuvant RT group, 17 patients (20.7%) had partial remission. The overall survival rates for
the neoadjuvant RT group at 6, 12, 18, and 24 months were 89.0%, 75.2%, 43.9%, and 27.4%, respectively,
compared with 81.7%, 43.1%, 16.7%, and 9.4% in the surgery-alone group (P , .001). The corresponding
disease-free survival rates were 56.9%, 33.0%, 20.3%, and 13.3% versus 42.1%, 14.9%, 5.0%, and 3.3%
(P , .001). On multivariable Cox regression analyses, neoadjuvant RT significantly reduced HCC-related
mortality and HCC recurrence rates compared with surgery alone (hazard ratios, 0.35 [95% CI, 0.23 to 0.54;
P , .001] and 0.45 [95% CI, 0.31 to 0.64; P , .001]). Increased expressions of IL-6 in pre-RT serum and
tumor tissues were significantly associated with resistance to RT.

CONCLUSION For patients with resectable HCC and PVTT, neoadjuvant RT provided significantly better post-
operative survival outcomes than surgery alone. IL-6 may predict response to RT in these patients.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the sixth most
common cancer and the third leading cause of
cancer-related death worldwide.1 HCC tends to invade
the portal vein system and form a portal vein tumor
thrombus (PVTT). PVTT is one of the most important
predictors of poor survival in HCC. The Barcelona
Clinic Liver Cancer (BCLC) staging classification2

recommends sorafenib as the only treatment for
these patients. However, survival probabilities differ
significantly according to the extent and severity of
PVTT.3,4 In selected patients with resectable HCC and
PVTT, surgery may offer better survival rates than

nonsurgical treatments.5-8 However, once PVTT in-
vades the right-side, left-side, or main trunk of the
portal vein, postoperative prognosis becomes
dismal.6,9 The combined use of surgery and multi-
modal therapies may improve long-term survival in
these patients.

Radiotherapy (RT) is increasingly used in advanced
HCC and has been reported to confer survival
benefits.10-12 In a previous retrospective study by us,
neoadjuvant RT significantly reduced the extent of
PVTT in a proportion of patients and improved post-
operative survival.13 However, the level of evidence of
this study was low because of its retrospective design
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and relatively small sample size. Reports have demon-
strated that interleukin-6 (IL-6), a multifunctional cytokine,
is positively linked to radiation resistance in various ma-
lignancies, including HCC.14-16 The current study was
conducted to determine the roles of neoadjuvant RT in
patients with HCC and PVTT and IL-6 expression in the
prediction of radiation response in these patients.

PATIENTS AND METHODS

Study Design

This randomized, open-label, multicenter controlled clini-
cal study was approved by the ethics committees of the
participating centers, and its protocol conformed to the
1975 Declaration of Helsinki. All patients provided written
informed consent to a trialist and noninvestigator before
participation. The trial conformed to the CONSORT state-
ment and was registered in the Chinese Clinical Trial
Registry. The research data were used only for publication
or shared with other researchers. The identity and medical
information of each participant remain strictly confidential.

Patient Eligibility

The key inclusion criteria were age 18 to 70 years, HCC
diagnosed by biopsy or by the noninvasive criteria of the
European Association for the Study of Liver guidelines,2 the
primary HCC being resectable, and Cheng’s type II/III PVTT
(ie, PVTT that involved the right- or left-side branch or main
trunk of the portal vein)9 (Appendix Table A1, online only).
The assessment of resectability is described in the Ap-
pendix (online only). The key exclusion criteria were
a history of other malignancy in the past 5 years, any
previous antitumor treatment of HCC within 1 year, and
hepatitis C virus (HCV) or HIV infection.

Sample Size Estimation

The sample size was estimated on the basis of a 1-year
overall survival (OS) rate of 69% in the neoadjuvant RT
group and 35.6% in the surgery-alone group, which were
obtained from the data of our retrospective cohort of pa-
tients treated from January 2010 to December 2013.13 The
minimum sample size was 75 for each group (two-sided a =
.05; b = .10; power, 90%), and 10% of patients were added
to compensate for any loss to follow-up. Finally, 82 patients
were included in each of the two groups.

Randomization and Masking

The patients were randomly assigned 1:1 to the neo-
adjuvant RT or control group according to a sequestered,
computer-generated randomization code that used per-
muted blocks of treatment group allocations without
stratification. Allocation concealment was conducted using
sequentially numbered opaque sealed envelopes.

Neoadjuvant RT and Evaluation of Response/Toxicity

The imaging evaluation is described in the Appendix.
Three-dimensional conformal RT (3DCRT) was delivered to

the neoadjuvant RT group within 5 days of random as-
signment. The gross tumor volume was defined as the
tumor volume that was enhanced in the arterial phase
combined with the PVTT volume, which was shown as
a filling defect in the portal venous phase of the computed
tomography (CT) scan. The clinical tumor volume (CTV)
was generated by adding 5 to 10 mm to the gross tumor
volume. The planning target volume was expanded to in-
clude a 5- to 10-mm margin from the CTV to compensate
for internal physiologic movements and variations in size,
shape, and position of the CTV. The planned total dose to
the planning target volume was 18 Gy, with a fractional size
of 3.0 Gy, using 6-MV x-rays with a linear accelerator
(Elekta Synergy; Elekta, Stockholm, Sweden) at five frac-
tions per week. Before each treatment session, patients
underwent a megavoltage cone beam CT scan and were
positioned with automated image registration by application
of the image-guided RT system (Elekta Synergy). Re-
spiratory gating technique was used to reduce dose de-
livered to healthy tissues and surrounding organs. The RT
regimen was in accordance with that used in our previous
studies.13,17

The modified Response Evaluation Criteria in Solid Tumors
(mRECIST) guidelines18 were used to evaluate the thera-
peutic effects of RT on primary liver tumor. For the eval-
uation of PVTT, any downstaging in the Cheng’s PVTT
classification or any conspicuous restoration of blood flow
in the portal vein were regarded as partial remission (PR)
and any upstaging in the PVTT classification as progressive
disease (PD). Otherwise, the effects were defined as stable
disease (SD). The overall RT response was defined as PD if
either the primary tumor or the PVTT was classified as PD; it
was defined as PR if either the primary tumor or the PVTT
was classified as PR while the other was SD. Acute RT
toxicity was evaluated according to the Common Termi-
nology Criteria for Adverse Events (version 4.0).19

Surgical Procedure

For patients who were randomly assigned to the surgery-
alone group, surgery was planned immediately and carried
out within 5 days after assignment. Patients assigned to the
neoadjuvant RT group were re-evaluated in 4 weeks after
complement of RT, and surgery was planned immediately
and carried out within 5 days if the patients did not develop
a contraindication to surgery. The procedure of hepatec-
tomy is described in the Appendix. Morbidity was defined
as occurrence of any postoperative complications and
graded by the Clavien-Dindo classification.20

Assessment of Outcomes and Follow-Up

The primary end point was OS, which was defined as the time
from random assignment to tumor-related death. One of the
secondary outcomes was disease-free survival (DFS), which
was defined as the time from random assignment to the time
when a recurrent tumor was first diagnosed. The other sec-
ondary end points were surgery-related complications and
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in-hospital mortality. The data were analyzed on an intention-
to-treat basis. The follow-up protocol is described in the
Appendix. This study was censored on October 1, 2018.

Immunohistochemistry and Enzyme-Linked

Immunosorbent Assay for IL-6

HCC tissues were collected from the 73 patients in the
neoadjuvant RT group after RT and surgical treatment.
Immunohistochemistry (IHC) staining for IL-6 was per-
formed according to the method reported in a previous
report.21 For the 82 patients in the neoadjuvant RT group,
the levels of IL-6 and several other cytokines with possible
associations with radioresistance were analyzed in the
blood samples by enzyme-linked immunosorbent assay.
The relationship between the various responses to RT and
expressions of these cytokines and the patients’ clinical
characteristics were analyzed.

Statistical Analysis

Variables were compared using the x2 test, Fisher’s exact
test, independent t test, Mann-Whitney U test, or Wilcoxon
rank sum test, as appropriate. Survival analysis was

estimated by the Kaplan-Meier method. Factors that were
significantly (P , .1) associated with survival in the uni-
variable analysis were entered into the Cox proportional
hazards regression model. P , .05 was considered sta-
tistically significant. All statistical analyses were performed
with Stata 12.0 software (StataCorp, College Station, TX).

RESULTS

Patient Characteristics

From January 2016 to December 2017, of 237 patients
who met the inclusion criteria, 73 were excluded. Finally,
164 patients were randomly assigned to the neoadjuvant
RT group (n = 82) and the surgery-alone group (n = 82;
Fig 1). These patients came from the Eastern Hepatobiliary
Surgery Hospital (n = 157), the Fujian Provincial Cancer
Hospital (n = 5), and the Zhongshan Hospital (n = 2).

In the neoadjuvant RT group, nine patients developed
contraindications to surgery after RT, and they underwent
nonsurgical therapy (transarterial chemoembolization
[TACE], n = 7; sorafenib, n = 2). In the surgery-alone group,

Excluded
Did not meet the inclusion criteria
       HCV infection
       History of malignancy
       Previous antitumor treatment for HCC
Refused to participate
       Received surgery plus adjuvant -therapy
       Received noncurative treatment
       Received palliative treatment

(n = 73)
(n = 25)
(n = 3)
(n = 7)

(n = 15)
(n = 48)
(n = 35)
(n = 11)
(n = 2)

Patients enrolled in the study
(n = 164)

Randomly assigned to neoadjuvant RT
(n = 82)

Developed contraindications for
surgery after RT
Disease progression
HBV reactivation
Deteriorated liver function
Lost to follow-up
Completed treatment and follow-up

(n = 9)
(n = 7)
(n = 1)
(n = 1)
(n = 1)

(n = 72)

Intention-to-treat analysis
(n = 82)

Randomly assigned to surgery alone
(n = 82)

Lost to follow-up
Withdrew consent
Completed treatment and follow-up

(n = 2)
(n = 1)

(n = 79)

Intention-to-treat analysis
(n = 82)

Patients  with   HCC  with  type  II/III
PVTT suitable for surgical resection
admitted    during    study     period

(N = 237) 

FIG 1. CONSORT dia-
gram of the randomized
clinical trial. HBV, hepa-
titis B virus; HCC, hepato-
cellular carcinoma; HCV,
hepatitis C virus; PVTT,
portal vein tumor throm-
bus; RT, radiotherapy.
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TABLE 1. Comparison of Clinicopathologic Characteristics Between the Neoadjuvant RT and Surgery-Alone Groups
Characteristic Neoadjuvant RT, No. (%) Surgery Alone, No. (%)

No. of patients 82 82

General status

Mean age, years (standard deviation) 52.8 (10.3) 50.5 (10.1)

Male sex 67 (81.7) 74 (90.2)

ECOG performance status

0 64 (78.0) 67 (81.7)

1 15 (18.3) 14 (17.1)

2 3 (3.7) 1 (1.2)

Laboratory and radiologic findings

Viral serology

Positive for HBsAg 75 (91.5) 76 (92.7)

Positive for HBeAg 15 (18.3) 9 (11.0)

Seral HBV DNA load, IU/mL

$ 2,000 38 (46.3) 26 (31.7)

, 2,000 44 (53.7) 56 (68.3)

Antivirus treatment 31 (37.8) 25 (30.5)

Platelet count, 3 109/L

$ 100 68 (82.9) 71 (86.6)

, 100 14 (17.1) 11 (13.4)

Liver function status

Child-Pugh grade A 79 (96.3) 80 (97.6)

Child-Pugh grade B 3 (3.7) 2 (2.4)

AFP level, ng/mL

$ 20 59 (72.0) 62 (75.6)

, 20 23 (28.0) 20 (24.4)

DCP level, mAU/mL

$ 100 70 (85.4) 68 (82.9)

, 100 12 (14.6) 14 (17.1)

PVTT type

II 41 (50.0) 51 (62.2)

III 41 (50.0) 31 (37.8)

Tumor diameter, cm

$ 10 32 (39.0) 42 (51.2)

, 10 50 (61.0) 40 (48.8)

Tumor No.

Single 73 (89.0) 69 (84.1)

Multiple 9 (11.0) 13 (15.9)

Liver cirrhosis

No/mild 69 (84.1) 68 (82.9)

Yes 13 (15.9) 14 (17.1)

Hepatic vein tumor thrombus

Yes 3 (3.7) 5 (6.1)

No 79 (96.3) 77 (93.9)

(continued on following page)
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patients received upfront surgery after random assignment;
thus, there was no patient with contraindication to surgery.
One patient in the surgery-alone group withdrew from the

study after random assignment and underwent surgical
resection in another institution. The baseline characteris-
tics were well matched between groups (Table 1).

TABLE 1. Comparison of Clinicopathologic Characteristics Between the Neoadjuvant RT and Surgery-Alone Groups (continued)
Characteristic Neoadjuvant RT, No. (%) Surgery Alone, No. (%)

Data of surgical procedure*

Type of hepatectomy

Major 58 (79.5) 57 (70.0)

Minor 15 (20.5) 25 (30.0)

Type of thrombectomy

En bloc resection with primary tumor 19 (26.0) 17 (20.7)

Thrombectomy after hepatectomy 54 (74.0) 65 (79.3)

Anatomic resection

Yes 24 (32.9) 24 (29.3)

No 49 (67.1) 58 (70.7)

Hilar clamping time, minutes

$ 15 60 (82.2) 71 (86.6)

, 15 13 (17.8) 11 (13.4)

Intraoperative blood loss, mL

. 800 20 (27.4) 19 (23.2)

# 800 53 (72.6) 63 (76.8)

Perioperative blood transfusion

Yes 38 (52.1) 37 (45.1)

No 35 (47.9) 45 (54.9)

Palliative resection

Yes 1† (1.4) 1‡ (1.2)

No 72 (98.6) 81 (98.8)

Pathologic findings*

Microvascular invasion

Severe (M2) 12 (16.4) 19 (23.2)

Mild (M1) 48 (65.8) 56 (68.3)

No 13 (17.8) 7 (8.5)

Tumor differentiation

Type I/II 14 (19.2) 8 (9.8)

Type III/IV 59 (80.8) 74 (90.2)

Presence of satellite nodules

Yes 54 (74.0) 60 (73.2)

No 19 (26.0) 22 (26.8)

Tumor capsule

Complete 15 (20.5) 18 (22.0)

Incomplete/absent 58 (79.5) 64 (78.0)

Abbreviations: AFP, a-fetoprotein; DCP, Des-gamma carboxyprothrombin; ECOG, Eastern Cooperative Oncology Group; HBeAg, hepatitis B e
antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; mAU, milli arbitrary unit; PVTT, portal vein tumor thrombus; RT,
radiotherapy.

*Surgical and pathologic data were available in 73 patients in the neoadjuvant RT group.
†Incomplete lymph node metastatic clearance.
‡Intraoperative detection of intrahepatic dissemination.
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Response Rate and RT Toxicity

The overall response rate of RT was 20.7% (17 of 82
patients), with no complete response; 17 (20.7%) patients
had PR, 58 (70.7%) SD, and seven (8.5%) PD. Of the 17
patients with PR, the PVTT was downstaged from Cheng’s
type III to type II (representative patient image shown in
Appendix Fig A1, online only) or from type II to type I in 12
patients. After RT, two patients had grade 3 liver toxicity and
were considered to be unsuitable for surgery because of
insufficient liver function. Another two patients with grade 2
liver enzyme elevations had their enzyme levels return to
normal after 7 days of oral administration of glutathione and
bicyclol (Table 2).

Surgical Procedure and Postoperative Complications

For the two patients who had grade 2 liver enzyme ele-
vations, surgery was delayed for 7 days. Nine patients
developed contraindications to surgery, including seven
with PD and two with grade 3 liver toxicity; the remaining 73
in the neoadjuvant RT group underwent surgical treat-
ment. All patients were confirmed to have PVTT on intra-
operative exploration and pathologic examination. Major
postoperative complications (Clavien-Dindo classification of
3 or greater) were observed in eight patients. The surgery-
related morbidity and mortality rates were comparable be-
tween groups (Table 3).

Follow-Up Data

The median follow-up was 15.2 months (interquartile
range, 10.5-21.5months) in the neoadjuvant RT group and
10.8 months (interquartile range, 6.8-15.6 months) in the
surgery-alone group. In the neoadjuvant RT group, 66
patients developed HCC recurrence, and 56 patients died
as a result of HCC. In the surgery-alone group, 75 patients
developedHCC recurrence, and 66 patients died as a result
of HCC. The causes of death are listed in Appendix Table
A2 (online only). The patterns of recurrence and salvage
therapies are listed in Appendix Table A3 (online only).

The 6-, 12-, 18-, and 24-month OS rates were 89.0%,
75.2%, 43.9%, and 27.4%, respectively, in the neo-
adjuvant RT group versus 81.7%, 43.1%, 16.7%, and
9.4% in the surgery-alone group (P, .001; Fig 2A). The 6-,
12-, 18-, and 24-month DFS rates were 56.9%, 33.0%,
20.3%, and 13.3%, respectively, in the neoadjuvant RT
group versus 42.1%, 14.9%, 5.0%, and 3.3% in the
surgery-alone group (P = .009; Fig 2B). RT significantly
increased both the OS and the DFS rates in patients with
Cheng’s type II PVTT (P = .01 and P = .016, respectively) as
well as in those with type III PVTT (P , .001 and P = .002,
respectively; Appendix Fig A2, online only).

The factors that were significantly (P , .1) associated with
HCC recurrence and HCC-related death on univariable Cox
regression analysis (Appendix Table A4, online only) were
analyzed using the multivariable Cox proportional hazards
regression model. The results show that neoadjuvant RT

TABLE 2. Tumor Response and Acute Toxicity to RT
Variable Neoadjuvant RT Group, No. (%)

No. of patients 82

Response to RT*

Complete remission 0 (0)

Partial remission 17 (20.7)

Stable disease 58 (70.7)

Progressive disease 7† (8.5)

Acute toxicity* (grade)

Nausea/vomiting

0 70 (85.4)

1 12 (14.6)

2-5 0 (0)

HBV re-activation

0 78 (95.1)

1 3 (3.7)

3 1† (1.2)

4-5 0 (0)

Liver enzyme levels increased

0 62 (75.6)

1 16 (19.5)

2 2 (2.4)

3 2† (2.4)

4-5 0 (0)

Bilirubin increased

0 70 (85.4)

1 10 (12.2)

2 0 (0)

3 2† (2.4)

4-5 0 (0)

Anemia

0 79 (96.3)

1 3 (3.7)

. 2 0 (0)

Leukocyte count decreased

0 73 (8.9)

1 9 (91.1)

. 2 0 (0)

Platelet count decreased

0 72 (87.7)

1 10 (12.3)

. 2 0 (0)

Abbreviations: HBV, hepatitis B virus; RT, radiotherapy.
*Response was evaluated according to the modified Response Evaluation Criteria

in Solid Tumors (mRECIST) guideline. Acute toxicity was evaluated according to
Common Terminology Criteria for Adverse Events (version 4.0).
†Nine patients developed contraindications for surgery after RT, including seven

with progressive disease, one with HBV re-activation (grade 3) with significantly
elevated liver enzyme and blood bilirubin levels, and one with hepatic injury with
severely elevated liver enzyme and blood bilirubin levels (grade 3).
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significantly decreased both the HCC-related mortality and
the HCC recurrence rates compared with surgery alone
(hazard ratios, 0.35 [95% CI, 0.23 to 0.54; P , .001] and
0.45 [95% CI, 0.31 to 0.64; P , .001]; Table 4).

Association of IL-6 Expression With RT Response

The baseline serum IL-6 levels were significantly higher in
patients with PD after 3DCRT, than in those with PR and SD
(P = .047; Appendix Fig A3, online only; Appendix Table
A5, online only). The IL-6 expression levels in the HCC
tissues were significantly higher in patients with SD than in

those with PR on the basis of IHC scoring (P = .018;
Appendix Fig A3).

DISCUSSION

Controversy exists among experts from the West and the
East on the treatment of patients with HCC and PVTT.
Western guidelines, which are based on the BCLC clas-
sification, consider HCC with PVTT to be at the advanced
BCLC stage C, and sorafenib is the only recommended
therapy.2,22 In China/Southeast Asia, where the common
etiology of HCC is hepatitis B virus, patients usually have

TABLE 3. Comparison of Surgery-Related Complications in the Neoadjuvant RT and Surgery-Alone Groups
Grade I/II, No. Grade III/IV, No. Grade V (in-hospital mortality), No.

Type of Complication
Neoadjuvant
RT (n = 73)

Surgery Alone
(n = 82) P

Neoadjuvant
RT (n = 73)

Surgery Alone
(n = 82) P

Neoadjuvant RT
(n = 73)

Surgery Alone
(n = 82) P

Total 16 23 .380 4 1 .188 1 2 1.0

Intra-abdominal
hemorrhage

2

Liver failure 1 1 1 1

Portal vein thrombosis 1

Bile leak 1 2

Intra-abdominal infection 2 3

Pulmonary infection 2 1

Wound infection 2 2

Pleural effusion 2 3

Ascites 6 5

Dysrhythmia 1 2

Other 2 4

NOTE. Graded by Clavien-Dindo classification. For patients withmore than one complication of different grades, the one with the higher grade was counted.
For patients with more than one complication of the same grade, the one that occurred first was counted.
Abbreviation: RT, radiotherapy.
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FIG 2. (A) Overall survival (OS) and (B) disease-free survival (DFS) curves for the neoadjuvant three-dimensional conformal radiotherapy (RT) plus surgery
and surgery-alone groups.
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better liver function reserves and long-term survival out-
comes after hepatectomy compared with patients in
Europe, North America, and Japan, where HCV-related
HCC is predominant.23,24 Furthermore, hepatitis B virus–
related HCC usually progresses faster with worse survival
outcomes from sorafenib treatment compared with HCV-
related HCC.23 As a consequence, surgery is more frequently
adopted for treatment of selected patients with HCC and
PVTT in China and Southeast Asia.25-27

Although randomized comparative trials are still lacking,
many retrospective studies have shown surgical treatment
to provide survival benefit in selected patients with HCC
and PVTT compared with nonsurgical treatments.7,28,29 In
a multicenter, nationwide study of 6,474 patients, Kokudo
et al28 showed that surgical treatment is associated with
better survival outcomes than nonsurgical treatment of PVTT
limited to the first-order branch of the main portal vein
(Cheng’s type I/II). The location and severity of PVTT are
significant factors that affect postoperative prognoses. When
the PVTT has invaded into the left- or right-side branch or
main trunk of the portal vein (Cheng’s type II/III), it is difficult
to perform en bloc resection of the tumor together with the
PVTT, which is widely believed to have a better curative
effect than thrombectomy after hepatectomy.6,9 Adjuvant

and neoadjuvant therapy have been advocated to improve
the postoperative prognoses of these patients. Lau and
colleagues30,31 reported that systemic or local treatment
could downstage initially unresectable HCC to become re-
sectable, which thus allows for salvage surgery in a pro-
portion of patients to result in better long-term survival. Our
multicenter randomized study was conducted on the basis of
the hypothesis that by downstaging the extent of PVTT and/or
HCC before surgery using 3DCRT, the chance of tumor
spread or residual disease could be lowered and thus result
in better postoperative survival.

RT is important in the treatment of patients with HCC and
PVTT probably because of radiosensitivity of PVTT cells
to irradiation.17 When combined with TACE or hepatic
arterial infusion chemotherapy, 3DCRT has been shown
to achieve adequate thrombus shrinkage and portal vein
flow restoration in patients with HCC and PVTT.10,32-34

A randomized clinical trial by Yoon et al10 using a com-
bination of RT and TACE (n = 45) as a first-line treat-
ment of HCC with PVTT resulted in significantly better
progression-free survival, objective response rate, and
time to progression compared with sorafenib (n = 45).
The OS in the TACE plus RT group was significantly
improved (55.0 v 43.0 weeks), even after 48.9% of

TABLE 4. Factors Associated With the Hepatocellular Carcinoma–Related Death and Postoperative Hepatocellular Carcinoma Recurrence
Using Multivariable Cox Proportional Hazards Regression Analysis
Variable HR 95% CI P

Risk of tumor-related death

Presence of ascites (yes v no) 1.66 0.91 to 3.04 .100

Tumor diameter ($ 10 v , 10 cm) 1.32 0.81 to 2.15 .259

Tumor No. (multiple v single) 1.14 0.62 to 2.12 .667

En bloc resection (yes v no) 0.75 0.43 to 1.30 .297

Type of hepatectomy (major v minor) 1.62 0.91 to 2.95 .106

Intraoperative blood loss ($ 800 v , 800 mL) 1.28 0.76 to 2.13 .352

Perioperative blood transfusion (yes v no) 0.98 0.59 to 1.61 .921

Tumor satellites (yes v no) 1.14 0.71 to 1.84 .596

Tumor capsule (complete v incomplete/absence) 0.74 0.44 to 1.23 .240

Tumor differentiation (type III/IV v I/II) 1.17 0.65 to 2.13 .596

Presence of MVI (yes v no) 2.42 1.11 to 5.24 .026*

PVTT type (III v II) 1.64 1.05 to 2.57 .029*

Neoadjuvant radiotherapy (yes v no) 0.35 0.23 to 0.54 , .001*

Risk of tumor recurrence

HBsAg positive (yes v no) 1.51 0.73 to 3.11 .265

Tumor diameter ($ 10 v , 10 cm) 1.46 1.02 to 2.08 .040*

En bloc resection (yes v no) 1.01 0.63 to 1.62 .968

Presence of MVI (yes v no) 1.95 1.08 to 3.51 .027*

PVTT type (III v II) 1.58 1.05 to 2.38 .027*

Neoadjuvant radiotherapy (yes v no) 0.45 0.31 to 0.64 , .001*

Abbreviations: HBsAg, hepatitis B virus surface antigen; HR, hazard ratio; MVI, microvascular invasion; PVTT, portal vein tumor thrombus.
*P , .05.
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patients with PD within 12 weeks in the sorafenib group
were switched to receive TACE plus RT.

However, only a few reports exist on the use of RT as
a neoadjuvant therapy for HCC. A retrospective study found
that neoadjuvant RT is associated with improved long-term
survival in patients with HCC compared with adjuvant RT.35

Nevertheless, the dose of neoadjuvant RT was not de-
scribed in this research. Surgical treatment of HCC with
PVTT is complex, and a major hepatectomy with or without
thrombectomy is required. Thus, to ensure safety of the
subsequent hepatectomy, it is necessary to use a low dose
of irradiation to minimize radiation injury to the non-
tumorous liver and to shorten the time interval between the
neoadjuvant treatment and surgery. Our previous clinical
experience and basic research have indicated that a total
radiation dose of 18 Gy in six fractions can be used as
a bridge to liver resection for HCC with PVTT.13,17 In our
previous study in 95 patients, 12 of 45 in the neoadjuvant
RT group had significant reduction in the extent of PVTT
after RT, whereas four had PD. Survival analyses showed
that neoadjuvant RT resulted in significantly better OS and
DFS than hepatectomy alone.13 The current prospective
randomized study also confirmed the benefit of neo-
adjuvant RT in patients with HCC with PVTT, and RT
resulted in a low rate of adverse effects. RT contributed to
the improved survival outcomes mainly by decreasing the
tumor volume in PVTT, which is a known poor prognostic
indicator of postoperative survival. The reduction in PVTT
volume, especially by downstaging the PVTT type, facili-
tated surgical treatment and reduced the possibility of
residual tumor or spread in the portal vein during surgery.

Despite the favorable local control rates with radiation,
treatment failure in our study was still a major problem,

which negates the chance for curative surgery in a small
proportion of patients with initially resectable lesions.
The ability to identify biomarkers to predict the responses
to RT is of critical importance to select patients for
neoadjuvant RT. IL-6 is a major activator of signal
transducer and activator of transcription 3 signaling
pathway. The mechanisms that underlie IL-6 in con-
ferring radioresistance, in addition to promoting tumor
cell proliferation and survival, also may come from
promoting DNA repair after radiation-induced double-
strand breaks.36,37 The overexpression of IL-6 was re-
ported to associate with increased radioresistance in
several cancers.14-16,37,38 One study demonstrated that
IL-6 overexpression in serum is associated with in-field
and extrahepatic failure after RT in patients with HCC.14

Our results indicate that IL-6 overexpression in serum or
tumor tissues is related to radioresistance. More fun-
damental and clinical studies are needed to verify this
hypothesis.

This study has potential limitations. First, blinding was not
possible because of the nature of the intervention. Thus,
this study has the inherent biases of an open-label trial.
Second, salvage treatments, including local or systemic
therapies that may affect the result of survival, were used to
treat HCC recurrence for ethical reasons. Finally, the
generalizability of our results may be limited because pa-
tients with HCV-related HCC were excluded from this study
and the indications for surgery differed among centers.

In conclusion, despite PD and adverse events in a small
proportion of patients, neoadjuvant RT is effective in im-
proving OS and DFS rates in patients with HCC and PVTT.
IL-6 may act as a biomarker in predicting the response to
radiation in these patients.
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APPENDIX Resectability of Tumor

Experienced surgeons resected tumors in patients with hepatocellular
carcinoma (HCC) and portal vein tumor thrombus (PVTT). Patients
were not considered for surgery if they had one or more of the following
clinical features: Eastern Cooperative Oncology Group performance
status greater than 2, multiple disseminated nodules (more than three)
on imaging, distant metastasis, Child-Pugh class C liver function,
Child-Pugh class B liver function for a tumor that required major
hepatectomy defined as resection of three or more Couinaud liver
segments, Cheng’s type IV PVTT, inferior vena cava tumor thrombus,
and severe coexisting systemic diseases.

Imaging

All patients underwent a routine three-phase intravenous contrast
dynamic computed tomography (CT) scan. For patients in the neo-
adjuvant radiotherapy (RT) group, another CT scan was performed
4 weeks after radiation. The CT data were reconstructed into three-
dimensional (3D) images using 3D image processing software (3D Plus
Body Visible System; Yorktal Medical, Shenzhen, People’s Republic of
China). The 3D reconstructed images were used to evaluate the extent
of HCC and PVTT, simulate surgery by determining the liver paren-
chymal transection plane, estimate the residual and remnant liver
volumes, and evaluate tumor response to RT.

Surgical Procedure

Partial hepatectomy was performed through a right-side subcostal
incision with a midline extension. After mobilization of the liver,
intraoperative ultrasonography was performed to assess tumor number

and size, the relationship of the tumor with major vascular structures,
and the extent of PVTT. Liver parenchymal transection was conducted
using the clamp crushing method. Pringle’s maneuver, if necessary,
was applied to occlude the blood inflow of the liver using a clamp and
unclamp cycle time of 15 and 5 minutes, respectively.

For patients with PVTT confined to the ipsilateral branch of the portal
vein (Cheng’s type I/II), anatomic en bloc liver resection together with
the PVTT and primary tumor was preferred, provided that an adequate
volume of residual liver would remain. When the thrombus protruded
beyond the transection plane or into the main trunk of the portal vein
(type III), the tumor thrombus was extracted from the opened stump of
the portal vein after removal of the primary tumor (thrombectomy).
After flushing with normal saline and confirming that no residual
thrombus remained, the stump was closed with a continuous suture.

Follow-Up Protocol

The patients were followed up in the outpatient clinic once a month in
the first year and subsequently at longer intervals. Serum a-fetoprotein
measurements and abdominal ultrasounds were performed once
every month. Contrast CT scan or magnetic resonance imaging was
performed once every 3months for surveillance of recurrence or if HCC
recurrence was suspected clinically. Transarterial chemoembolization,
local ablative therapy, or systemic therapy was used for the treatment
of HCC recurrence, which depended on the location of the recurrent
lesion, size and number of recurrences, liver function status, and
presence/absence of extrahepatic disease. Palliative treatment was
provided to patients with end-stage disease, poor general status, or
poor liver function.

A B

FIG A1. Tumor and extent of portal vein tumor thrombus (PVTT) before and after neoadjuvant three-dimensional
conformal radiotherapy (RT) on computed tomography scan and three-dimensional reconstructed images (with
hiding of irrelevant anatomic structures) in a representative patient with partial remission to neoadjuvant RT. (A) A
55-year-old male with an original 4 3 3.5-cm hepatocellular carcinoma with PVTT (arrow), which had extensively
invaded the right-side branch, bifurcation, and left-side branch of the portal vein (Cheng’s type III) before RT. (B)
Four weeks after RT, tumor size shrunk to 2.5 3 2.5 cm, and the PVTT (arrow) was confined to the right side
ipsilateral of the portal vein (type II).
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FIG A2. Kaplan-Meier analysis of patient survival with various types of portal vein tumor thrombus (PVTT) in the neoadjuvant radiotherapy (RT) plus
surgery and surgery-alone groups. (A) Overall survival (OS) and (C) disease-free survival (DFS) among patients with Cheng’s type II PVTT in the
neoadjuvant RT and surgery-alone groups. (B) OS and (D) DFS among the patients with type III PVTT in the neoadjuvant RT and surgery-alone groups.
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FIG A3. Interleukin-6 (IL-6) expression in patients with different responses to radiotherapy (RT). (A) Comparison of baseline IL-6 levels in serum evaluated
by enzyme-linked immunosorbent assay (progressive disease v partial remission/stable disease; P = .047). (B) Comparison of IL-6 expression in he-
patocellular carcinoma (HCC) tissues by immunohistochemistry scoring (P = .018). (C) Representative slides of immunohistochemistry (magnification,
3200).

TABLE A1. Cheng’s Classification of Portal Vein Tumor Thrombus
Type Involvement of Portal Vein System

I Involvement of segmental or sectoral branches of the portal vein or above

II Involvement of the right- or left-side branch of portal vein

III Involvement of the main trunk of portal vein

IV Thrombus extends to the superior mesenteric vein
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TABLE A2. Causes of Death
Group, No.

Cause of Death Neoadjuvant RT (n = 82) Surgery Alone (n = 82) P

Tumor progression 56 66 .105

Liver failure with stable lesion 2 1 1.0

Variceal bleeding 0 1 1.0

Stroke 1 0 1.0

Abbreviation: RT, radiotherapy.

TABLE A3. Patterns of Recurrence and Initial Salvage Therapy
Intrahepatic Recurrence

(< 3)*, No.
Diffuse Intrahepatic

Metastasis (‡ 3)†, No. Extrahepatic Metastasis‡

Initial Salvage Treatment
Neoadjuvant RT

(n = 23)
Surgery Alone

(n = 18)
Neoadjuvant RT

(n = 34)
Surgery Alone

(n = 43)
Neoadjuvant RT

(n = 9)
Surgery Alone

(n = 14)

Re-operation 2 3 — 0 2 1

TACE 5 2 17 26 — —

PRFA 8 9 — — 1 —

RT 2 3 — — 2 2

Sorafenib 3 1 6 7 2 5

Chemotherapy 1 — 6 5 2 5

Others 2 — 5 5 — 1

NOTE. The number of patients with hepatocellular carcinoma recurrence was 66 in the neoadjuvant RT group and 75 in surgery-alone group.
Abbreviations: PRFA, percutaneous radiofrequency ablation; RT, radiotherapy; TACE, transarterial chemoembolization.
*Fourteen patients with recurrent portal vein tumor thrombus; six patients with extrahepatic metastasis (P = .157).
†Twenty-eight patients with recurrent portal vein tumor thrombus; 13 patients with extrahepatic metastasis (P = .489).
‡Without intrahepatic recurrence, including nine patients with lymph node metastasis, nine with distant organ metastasis, and five with other

metastases (P = .420).
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TABLE A4. Factors Associated With Postoperative HCC Recurrence and HCC-Related Death Using Univariable Cox Regression Analysis
Variable HR 95% CI P

Risk of HCC-related death

Age ($ 60 v , 60 years) 0.90 0.59 to 1.37 .613

Sex (male v female) 1.12 0.64 to 1.97 .674

ECOG performance status (1/2 v 0) 0.93 0.60 to 1.46 .768

HBsAg positive (yes v no) 1.53 0.71 to 3.30 .273

HBeAg positive (yes v no) 1.09 0.67 to 1.76 .735

HBV DNA load ($ 2,000 v , 2,000 IU/mL) 1.06 0.74 to 1.52 .734

Antivirus treatment (yes v no) 0.76 0.52 to 1.11 .152

Liver function (Child-Pugh grade B v A) 0.68 0.17 to 2.74 .585

Presence of ascites (yes v no) 1.52 0.93 to 2.46 .093*

AFP level ($ 20 v , 20 ng/mL) 1.09 0.72 to 1.64 .698

DCP level ($ 100 v , 100 mAU/mL) 1.49 0.83 to 2.65 .180

Surgical and pathologic variables

Tumor diameter ($ 10 v , 10 cm) 1.90 1.32 to 2.73 .001*

Tumor No. (multiple v single) 1.82 1.07 to 3.11 .026*

Anatomic resection (yes v no) 0.95 0.64 to 1.42 .819

En bloc resection (yes v no) 0.48 0.30 to 0.77 .002*

Type of hepatectomy (major v minor) 1.75 1.13 to 2.72 .013*

Hilar clamping time ($ 15 v , 15 min) 0.98 0.58 to 1.64 .929

Intraoperative blood loss ($ 800 v , 800 mL) 1.54 1.01 to 2.33 .044*

Perioperative blood transfusion (yes v no) 1.44 0.99 to 2.08 .054*

Tumor capsule (complete v incomplete/absence) 0.59 0.36 to 0.97 .039*

Tumor satellites (yes v no) 1.54 0.99 to 2.38 .053*

Tumor differentiation (type III/IV v I/II) 1.59 0.92 to 2.75 .093*

Liver cirrhosis (yes v mild/no) 1.41 0.89 to 2.22 .143

Presence of MVI (yes v no) 2.80 1.41 to 5.58 .003*

Hepatic vein tumor thrombus (yes v no) 1.87 0.86 to 4.06 .111

PVTT type (III v II) 1.79 1.25 to 2.56 .002*

Neoadjuvant RT (yes v no) 0.47 0.33 to 0.68 , .001*

Risk of HCC recurrence

Age ($ 60 v , 60 years) 0.73 0.48 to 1.11 .143

Sex (male v female) 1.43 0.84 to 2.44 .193

ECOG performance status (1/2 v 0) 0.88 0.58 to 1.33 .541

HBsAg positive (yes v no) 2.05 1.00 to 4.19 .050*

HBeAg positive (yes v no) 1.31 0.83 to 2.07 .131

HBV DNA load ($ 2,000 v , 2,000 IU/mL) 1.06 0.75 to 1.48 .750

Antivirus treatment (yes v no) 0.78 0.55 to 1.11 .174

Liver function (Child-Pugh grade B v A) 0.76 0.28 to 2.05 .581

Presence of ascites (yes v no) 1.14 0.72 to 1.80 .578

AFP level ($ 20 v , 20 ng/mL) 1.00 0.68 to 1.46 .991

DCP level ($ 100 v , 100 mAU/mL) 1.20 0.72 to 2.03 .483

(continued on following page)

Journal of Clinical Oncology

Neoadjuvant Radiotherapy for HCC With PVTT



TABLE A4. Factors Associated With Postoperative HCC Recurrence and HCC-Related Death Using Univariable Cox Regression Analysis
(continued)
Variable HR 95% CI P

Surgical and pathologic variables

Tumor diameter ($ 10 v , 10 cm) 1.61 1.16 to 2.25 .005*

Tumor No. (multiple v single) 1.30 0.78 to 2.15 .324

Anatomic resection (yes v no) 0.94 0.65 to 1.37 .762

En bloc resection (yes v no) 0.71 0.48 to 1.07 .095*

Type of hepatectomy (major v minor) 1.33 0.90 to 1.97 .151

Hilar clamping time ($ 15 v , 15 min) 0.99 0.61 to 1.59 .959

Intraoperative blood loss ($ 800 v , 800 mL) 1.06 0.72 to 1.58 .758

Perioperative blood transfusion (yes v no) 1.15 0.82 to 1.62 .412

Tumor capsule (complete v incomplete/absence) 0.78 0.51 to 1.20 .256

Tumor satellites (yes v no) 1.17 0.80 to 1.71 .421

Tumor differentiation (type III/IV v I/II) 1.25 0.77 to 2.03 .361

Liver cirrhosis (yes v mild/no) 1.28 0.82 to 1.98 .279

Presence of MVI (yes v no) 2.45 1.37 to 4.36 .002*

Hepatic vein tumor thrombus (yes v no) 1.80 0.88 to 3.68 .110

PVTT type (III v II) 1.54 1.10 to 2.16 .011*

Neoadjuvant RT (yes v no) 0.57 0.41 to 0.80 .001*

NOTE. Analysis of impact of surgical and pathologic variables on risk of tumor recurrence and HCC-related death was only carried out in
patients who underwent surgical resection (n = 155), whereas the analysis of the other variables’ impact was carried out in all patients (n = 164).

Abbreviations: AFP, a-fetoprotein; DCP, Des-gamma carboxyprothrombin; ECOG, Eastern Cooperative Oncology Group; HBeAg, hepatitis B e
antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HR, hazard ratio; mAU, milli arbitrary unit;
MVI, microvascular invasion; PVTT, portal vein tumor thrombus; RT, radiotherapy.

*P , .1.
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TABLE A5. Univariable Analysis of Risk Factors for Progressive Disease After Neoadjuvant Radiotherapy in Patients With Hepatocellular
Carcinoma With PVTT
Characteristic Progressive Disease, No. Stable Disease/Partial Remission, No. P

No. of patients 7 75

Median age, years (range) 53 (22-70) 53 (33-59) .684

Male sex 6 61 .774

ECOG performance status

0 0 18 .338

1/2 7 57

Viral serology

Positive for HBsAg 7 68 .773

Positive for HBeAg 2 13 .606

Seral HBV DNA load ($ 2,000 IU/mL) 2 36 .442

Antivirus treatment 3 28 1.0

Liver function status

Child-Pugh grade A 7 72 1.0

Child-Pugh grade B 0 3

PVTT type

II 3 38 1.0

III 4 37

Median tumor diameter, cm (range) 11.5 (5-14) 8.5 (2.5-20.7) .406

Tumor No. .571

Single 6 8

Multiple 11 67

Liver cirrhosis 1.0

No/mild 6 63

Yes 1 12

Median IL-1b level, pg/mL (range) 8.2 (6-15.2) 9.4 (2.4-65.6) .556

Median IL-2 receptor level, U/mL (range) 568 (375-1,374) 468 (94-1,919) .245

Median IL-6 level, pg/mL (range) 57.9 (8.5-127) 19.3 (2.2-129.4) .047*

Median IL-8 level, pg/mL (range) 220 (55-763) 206 (56-3,003) .967

Median IL-10 level, pg/mL (range) 7.7 (4.4-13.2) 5 (2.5-18.5) .072

Median TNF level, pg/mL (range) 12.6 (5-21.3) 12.2 (3.5-43.8) .947

Median AFP level, ng/mL (range) 16,770 (7.7-324,600) 1,610 (1.6-849,000) .292

Median DCP level, mAU/mL (range) 2,357 (205-45,650) 2,561 (22-90,781) .648

NOTE. Categorical variables were analyzed using the Fisher’s exact test. Continuous variables were analyzed using Mann-Whitney U test.
Abbreviations: AFP, a-fetoprotein; DCP, Des-gamma carboxyprothrombin; ECOG, Eastern Cooperative Oncology Group; HBeAg, hepatitis B e

antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; IL, interleukin; mAU, milli arbitrary unit; PVTT, portal vein tumor thrombus;
TNF, tumor necrosis factor.

*P , .05.
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